Objective: To study the relationship between nutritional status with respect to zinc during the third trimester of pregnancy and levels of the same mineral in transition milk (days 13 and 14 of lactation) and mature milk (day 40 of lactation). Design: Longitudinal study. Subjects: A group of 57 healthy, lactating mothers aged between 18 and 35 y (27 AE 3.7) whose pregnancy and labour were attended by the Department of Obstetrics and Gynaecology of Cuenca INSALUD Hospital, Spain. Interventions: Zinc intake during the third trimester was determined by recording the consumption of foods over a ®ve day period and by registering zinc provided by dietary supplements. Zinc levels in maternal serum during this stage of pregnancy, and in transition and mature milk, were determined by atomic absorption spectroscopy. Results: During pregnancy all subjects showed zinc intakes lower than those recommended. Only one pregnant subject took a supplement that provided extra zinc (1 mgad). Subjects with an intake of lower than 50% of that recommended (L) (43.9%) showed signi®cantly lower serum and mature milk zinc levels than did those with higher intakes (H) (56.1%) [12.0 AE 1.5 mmolaL and 28.7 AE 6.2 mmolaL compared to 13.3 AE 2.6 mmolaL and 33.1 AE 8.0 mmolaL respectively]. 56% of L subjects and 28.6% of H subjects showed serum zinc levels of less than 12.2 mmolaL. 8% of L subjects and no H subjects showed less than 11.5 mmolaL of zinc in maternal milk. Conclusions: The diet conditions maternal serum zinc levels during pregnancy and those of milk during lactation. Though all subjects showed intakes clearly below those recommended, low levels in serum or milk were much rarer. These results support the idea that there is a need to reset the limits of normality for serum and milk zinc levels. Further work in this area may con®rm that the present recommended intakes of zinc be modi®ed. Sponsporship: This work was supported by the Fondo de Investigaciones Sanitarias de la Seguridad Social (FISss).
Introduction
A mild zinc de®ciency during pregnancy is associated with increased maternal morbidity, prolonged gestation, inef®-cient labour, atonic bleeding, and increased risk to the foetus (Prasad, 1996; Scholl et al, 1993) .
In infants, zinc de®ciency results in decreased linear growth velocity and decreased motor development scores (Prasad, 1996) . It would therefore seem wise to follow the zinc status of gestating women and also of their newborn babies who depend on maternal milk for their zinc.
Zinc de®ciency in both premature and full term, breastfed, infants has been observed by several investigators (Ando Ko-ichi et al, 1993; Friel and Andrews, 1994) . In many of these infants the de®ciency was associated with low maternal breast milk zinc concentrations (Prasad, 1996) . Krebs et al (1995) indicate the need to assess the impact of lower zinc intakes on milk zinc concentrations.
The aim of the present investigation was, therefore, to analyse the relationship between these milk zinc levels and the nutritional status of gestating mothers during the third trimester of pregnancy.
Methods
The study subjects were a group of 57 healthy, lactating mothers between 18 and 35 y of age (27 AE 3.7) whose labour was attended by the Department of Obstetrics and Gynaecology at Cuenca INSALUD Hospital, Spain. All subjects volunteered to take part.
The study protocol was approved by the Comite Â de Investigacio Ân de la Facultad de Farmacia, Universidad Complutense de Madrid and by the Comite Â Etico del Hospital del INSALUD de Cuenca. At the time of the study (May 1990±March 1991 , the mean annual number of births in Cuenca and its Province was 1400. Four hundred of these corresponded to city residents. In order to facilitate contact with subjects during their pregnancies and later during lactation, participants were chosen from the city area. A total of 100 subjects in their third trimester of pregnancy were selected. The criteria for inclusion were that subjects should be free of diabetic disease or preeclasmpsia, be between 18 and 35, be carrying a single foetus, live in the city area and to have declared the desire to breast feed their baby. After being informed of the characteristics of the study, 82% accepted the offer to participate. During their third trimester (between weeks 32±36) dietetic, anthropometric, haematological and biochemical studies were made.
After giving birth the study was continued. The composition of subjects' (now lactating mothers) milk was analysed at days 13 and 14 (transition milk) and 40 (mature milk) (Institute of Medicine, 1991; Patton et al, 1990) .
Those subjects with babies of low birth weight (`2500 g) (4.9%) were excluded from the study, as were those who could not continue to provide maternal milk (8.5%). Fourteen subjects were lost from the study since they either moved out of the area, could not be located or lost interest. The ®nal number of subjects was therefore 57 of the 82 initially studied. Milk samples were taken between 10 and 11 a.m. by manual expression of a 5 ml sample from each breast at the beginning and end of feeds. The protocol for both collection and subsequent handling of milk were designed to minimise trace element contamination (Casey et al, 1985) .
Dietetic survey
Subjects kept a`5 d dietary record', including a Sunday. Kitchen scales were provided to all the subjects in order to facilitate the weighing of food. After the questionnaire was completed, the booklets were returned in person. A quali®ed nutritionist inspected the records to ensure that they were complete and that suf®cient detail had been recorded. In the same interview a`Food frequency intake' questionnaire was completed in order to contrast subjects' answers with the results of their 5 d dietary record and an explanation was requested if answers were inconsistent.
The zinc, iron and folate contents of consumed foods were calculated using`Tables of Food Composition' published by the Instituto de Nutricio Ân (1994). The recommended intake of zinc accepted in this study was that for women in the second half of pregnancy as established in thè Tables of Recommended Energy and Nutrient Intakes for the Spanish Population' (Departamento de Nutricio Ân, 1994) (20 mgad).
The intake of supplements was recorded by asking subjects what, and how much, they had taken during their pregnancy. This was then added to the quantity of zinc provided by the diet. The adequacy of the diet with respect to zinc was determined by comparing this ®gure to that recommended.
Biochemical study
Blood samples were taken ®rst thing in the morning from night-fasted subjects. Blood was drawn from the cubital vein and stored in zinc-free, glass vacutainers. Serum zinc was measured using an atomic absorption spectrophotometer (model 403, Perkin Elmer Corporation, Norwalk, CT) (Smith et al, 1979 ) (C.V. 4.1%). Zinc levels in maternal milk were determined in a similar manner (C.V. 4.9%). Atukorala et al (1994) indicate that the normal limit for serum zinc levels in pregnant women is 8 mmolaL. Other ®gures quoted are 10.7 mmolaL according to Jameson (1975) , and 12.2 mmolaL according to Pfeffer et al (1996) . Ac Ëkurt et al (1995) indicate that there is a high risk of zinc de®ciency if serum levels fall below 9.2 mmolaL, a moderate risk if these values fall between 9.2±10 mmolaL and little risk if they are ! 10.1 mmolaL.
With respect to zinc levels in maternal milk, Ando Koichi et al (1993) indicate 12.3±40 mmolaL to be normal. The Institute of Medicine (1991) established reference values of 13.8±28 mmolaL, Lehti (1990) considers this value to be 53.7 mmolaL, and the World Health Organisation (WHO) (1989) considers 10.7±30.6 mmolaL to be normal.
Anthropometric study Data were collected in the morning. Weight and height were determined for subjects without shoes and wearing only underwear, using a digital electronic weighing scale (Seca alpha; Rue Lavoisier 91430, Igmy, France; range: 0.1±150 kg) and a ditital stadiometer (Harpender P®fter 450; Badem, Padum Aveny, Carlstadt, NJ, USA; range 70± 205 cm) respectively. Body mass index (BMI) (kgam 2 ) was calculated from these data. All data were collected by trained personnel following norms set out by the World Health Organisation (WHO) (1976) .
In order to see how anthropometric values changed over their pregnancy, the values of these parameters at the beginning of pregnancy were taken from subjects' clinical records. Weight and length of the newborn were measured immediately after birth.
Other data
The date of each subject's last period plus data from their ®rst ultrasonography were used to establish the point of gestation. Data such as age, number of children previously borne and use of tobacco were recorded in a questionnaire during the ®rst interview.
Statistical analysis
Mean values and s.d. are shown. Where the distribution of results was homogeneous, the degree of signi®cance of differences between means was calculated using the Student t-test. Where the distribution of results was not homogeneous, the Mann±Whitney test was applied. The relationship between dietetic and biochemical data of the third trimester plus the relationship between these and the concentration of zinc in maternal milk was established by calculating the corresponding coef®cients for linear correlation. Differences were considered signi®cant if P`0.05 (Wonnacott and Wonnacott, 1977) . Table 1 shows both the mothers' and newborns' personal and anthropometric data. Zinc intake was well below that recommended in all subjects (Table 2) . For the presentation of data, subjects were grouped with respect to whether their intake was`50% that recommended (20 mgad) (Group L) or ! 50% that recommended (Group H) (Tables 1±3). During the third trimester, only one subject took a zinc containing supplement, and this in very small amounts. The dietetic results are, therefore, hardly modi®ed when supplements are taken into account ( Table 2) .
Results
The dietary density of zinc was, for all subjects, lower than that recommended. In 31% of L subjects and 22.9% of H subjects this was`50% of the recommended. These ®gures do not change even when supplements are taken into account (Table 2) .
Serum and mature milk zinc levels were signi®cantly higher in H subjects (Table 3) . Though iron (Simmer et al, 1987) and folates (Mukherjee et al, 1984) have an inhibitory effect on zinc absorption, there were no signi®cant differences in the intake of these nutrients between L and H subjects (Table 2) .
Zinc levels were lower in mature milk than transition milk (P`0.05) (Table 3) . Interestingly, only two subjects (both with zinc intakes in pregnancy below 50% of that recommended), showed milk zinc levels below those recommended (Table 3) . A positive and signi®cant relationship was found to exist between zinc intake and serum zinc (r 0.4187), transition milk (r 0.3484) and mature milk (r 0.4478). A relationship was also found between serum zinc levels and those of transition milk (r 0.5275) and mature milk (r 0.6075). There is also an inverse relationship between the number of children borne and serum zinc levels (r 70.3326) and a signi®cant positive 
Discussion
The duration of pregnancy and the anthropometric data of the mothers and their newborns (Table 1) are similar to those reported in other studies (Ash, 1995; Ortega et al, 1994; Ortega et al, 1996) . All mother subjects showed zinc intakes below those recommended (20 mgad) and only one took a supplement that supplied any zinc. Even then this was a small amount (1 mgad). These data show that there is a wide gap between recommended levels and the amount of zinc actually taken. This has also been observed by other authors (Abdulla et al, 1993; Borrud et al, 1993; Ferguson et al, 1995; Ortega et al, 1994; Ortega et al, 1996) . Given this situation, and that no side effects have been associated with zinc supplementation during pregnancy, Ac Ëkurt et al (1995) , Goldenberg et al (1995) and Prasad (1996) support the inclusion of zinc in prenatal nutrient supplements.
The zinc intake observed in the present study (Table 2 ) is similar to that reported for other groups of pregnant women, Borrud et al (1993) (11 mgad), Krebs et al (1995) (13.0 AE 3.4 mgad), Ortega et al (1994) (10.8 AE 3.1 mgad), Ortega et al (1996) (10.7 AE 2.7 mgad in pregnant women with serum cholesterol`7.55 mmolaL and 11.2 AE 4.1 mgad in pregnant women with serum cholesterol ! 7.55 mmolaL), and Scholl et al (1993) (11.1 mgad). However, it was somewhat higher than that described by Ferguson et al (1995) (6.2±6.8 mgad, 0.8±0.9 mgaMJ) in the populations of developing countries.
Mean serum zinc levels measured in the third trimester (12.8 AE 2.0 mmolaL) were similar to those found in other groups of pregnant women by Ac Ëkurt et al (1995) (7.7 AE 2.1 mmolaL), Nagra (1994) (21.6 AE 7.8 mmolaL in urban areas of Pakistan and 18.5 AE 6.9 mmolaL in rural areas), Neggers et al (1990) (11.4 AE 1.7 mmolaL), Pfeffer et al (1996) (13.8 mmolaL) and Wolfe et al (1994) (10.0± 11.5 mmolaL). Wasasowicz et al (1993) found no signi®cant relationship between blood zinc concentration and the number of children previously borne by a group of English mothers. However, the present study shows subjects with previous pregnancies to have serum zinc levels signi®cantly lower than those in their ®rst pregnancy (12.0 AE 1.8 mmolaL compared to 13.2 AE 2.5 mmolaL) (r 7 0.3326 between serum zinc levels and number of previous pregnancies). The lower intake of zinc by subjects with previous pregnancies (10.2 AE 2.5 mgad compared 10.7 AE 2.7 mgad in primigravidas, NS) could have an in¯uence on this relationship, but the loss of zinc stores through successive pregnancies is likely to have a more profound effect.
The number of low serum levels (Table 3) was lower than that reported by Atukorala et al (1994) . These authors found 45.8% of pregnant women working in the plantations of Sri Lanka to have serum zinc levels below 8 mmolaL, and Ac Ëkurt et al (1995) found 72.3% of pregnant Turkish women to have less than 10 mmolaL. However, Pfeffer et al (1996) found 15±35% of pregnant women to have serum zinc levels below 12.2 mmolaL, a lower ®gure than that seen in the present study.
A positive and signi®cant relationship was found between zinc intake and serum levels of this mineral (r 0.4187). This kind of diet-blood relationship has also been reported by Goldenberg et al (1995) , Krebs et al (1995) and Wolfe et al (1994) . These authors found plasma zinc levels to rise in pregnant women given zinc supplements. Depending on whether zinc intake was below the 25th percentile (8.36 mgad), between the 25th and 50th percentiles (10.5 mgad), between the 50th and 75th percentiles (12.1 mgad) or greater than the 75th percentile, serum zinc levels were 11.66 AE 1.52 mmolaL, 12.65 AE 1.05 mmolaL, 12.74 AE 1.37 mmolaL and 14.64 AE 2.80 mmolaL, respectively. There seems to be a continuous relationship which is maintained over the middle and extreme values.
As indicated by Bahl et al (1994) , Goldenberg et al (1995) , Neggers et al (1990) and Scholl et al (1993) a signi®cant positive association was observed between serum zinc concentrations and neonatal birth weight (r 0.3027). Bahl et al (1994) found serum zinc values of 10.1 AE 1.9 mmolaL in mothers whose newborns weighed 3000±3500 g at birth, and 10.8 AE 1.3 mmolaL in those who weighed more. The results of the present study are somewhat higher than these but are parallel (12.2 AE 2.1 mmolaL in mothers whose newborns weighed 3000±3500 g at birth and 13.7 AE 2.1 mmolaL in those heavier).
In order to determine whether the relationship between serum zinc concentration and neonatal birth weight was due to the effect of extreme values or affected by the whole sample, birth weight was estimated according to maternal serum zinc levels below the 25th percentile (11.93 mmolaL), between the 25th and 50th percentile (12.39 mmolaL), between the 50th and 75th percentile (13.77 mmolaL) or greater than the 75th percentile. Mean birth weights for these groups were 3167.9 AE 448.9 g, 3319.4 AE 404.9 g, 3319.2 AE 224.9 g and 3386.0 AE 432.7 g, respectively. Therefore, it seems that the extreme values conditioned the observed relationship.
Transition and mature milk zinc levels (Table 3) were similar to those observed in other studies (Table 4) .
A very noticeable fall in milk zinc levels is seen as lactation progresses (Table 3 ). This fall is very well documented (Arnaud and Favier, 1995; Casey et al, 1985; Krebs et al, 1995; Simmer et al, 1990) . Karra et al (1986) have suggested that this fall may be due to the gradual involution of the mammary gland from decreased frequency of breast-feeding and a progressive alteration in the mechanism of zinc transport to breast milk. The rapid decline in milk zinc levels makes it dif®cult to compare the results of the present study with those of others. It is, therefore, also dif®cult to establish normal limits for milk zinc concentrations (Casey et al, 1989; Ohtake and Tamura, 1993; Prasad, 1996) . This is especially true for transition milk given that published limits are for mature milk only. Ohtake and Tamura (1993) and Lehti (1990) have shown that maternal milk provides babies with intakes of zinc markedly lower than those recommended. With this in mind, and in order that children receive the correct quantity of zinc for their age, Lehti (1990) established 53.7 mmolaL zinc as the normal lower limit for maternal milk. This author showed 95% of Amazonian women in their second month of lactation to have values below this limit. In their second month of lactation this ®gure had risen to 97%. By the third all 100% showed this condition. If 53.7 mmolaL is taken as the normal lower limit, all the lactating subjects of the present study would have low mature milk zinc levels. However, in transition milk, many more L subjects than H subjects would show low levels (Table 3) .
When comparing against the normal limits most frequently used (WHO, 1989; Ando Ko-ichi et al, 1993 ) 8% of L subjects show low mature milk levels (Table 3) .
Several authors have indicated that maternal dietary zinc intake does not in¯uence concentrations in milk (Feeley et al, 1983; Vuori et al, 1980) . However, in many studies involving supplementation of the diet, a large number of women abandoned the project before ®nishing the supplementation period. The results of these reports may therefore be questionable (Institute of Medicine, 1991) .
Two reports suggest that zinc supplementation has a slight in¯uence on milk zinc concentration in late lactation: after six months of supplementation with 13 mg of zinc per day (Krebs et al, 1985) and after 34 d of supplementation with 50 mgad (Karra et al, 1989) . Simmer et al (1990) and Krebs et al (1985) also consider that improvement of the diet with respect to zinc or the administration of zinc supplements could help to maintain higher concentrations in breast milk.
In the present study a relationship was found between serum zinc levels and those of transition milk (r 0.5275) and mature milk (r 0.6075).
Concentrations of zinc in milk, according to whether serum zinc levels were below the 25th percentile, between the 25th and 50th percentiles, between the 50th and 75th percentiles or above the 75th percentile were 39.44 AE 6.27 mmolaL, 46.66 AE 0.44 mmolaL, 49.94 AE 1.89 mmolaL and 56.70 AE 7.47 mmolaL for transition milk, and 22.38 AE 5.26 mmolaL, 28.92 AE 0.39 mmolaL, 31.89 AE 1.71 mmolaL and 39.40 AE 5.17 mmolaL for mature milk respectively. Pfeffer et al (1996) suggest that a biochemical evaluation of nutritional status should be performed systematically during pregnancy to detect speci®c nutrient de®ciencies according to the prevalence of speci®c de®ciencies in the studied population. These authors include zinc evaluation as a routine procedure in antenatal care.
The results of this study show that there is a relationship between zinc intake and serum and milk zinc levels. They also show that there is a wide gap between zinc intake and recommended values though low levels in serum and milk are less common than might be expected. Further work in this area may con®rm that the present recommended intakes of zinc be modi®ed.
Unfortunately, there is insuf®cient information for a functional evaluation of zinc nutritional status in the pregnant woman. The number of cases in the lower end of the distribution would probably be underestimated (Solomons and Allen, 1983) . It is also possible that the accepted normal limits for serum zinc need to be rede®ned (Pfeffer et al, 1996) .
